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In this paper, we present the results of the design, 
fabrication, installation, and operation of a 20-kW OTEC 
(ocean thermal energy conversion) pilot plant. The results can 
be used as basic data for the design of commercial plants with 
capacities in excess of 40 MW. To perform an experiment on 
the 20 kW OTEC, a closed OTEC cycle was designed and 
fabricated at the Ocean Water Plant Research Center. The cycle 
utilizes surface ocean water as its heat source and deep ocean 
water as its heat sink. R32 (Difluoromethane, CH2F2) was used 
as the working fluid, and the temperature of the heat source and 
heat sink were 26°C and 5°C, respectively. A semi-welded-type 
heat exchanger was used as the evaporator and condenser, and 
the OTEC cycle was designed for a gross power of 20 kW. The 
advantages of the semi-welded-type heat exchanger include 
easy maintenance of the gasket-type heat exchanger and the rare 
leakage of the welded-type heat exchanger. The plate 
arrangement of the semi-welded-type heat exchanger comprised 
one welded channel for the working fluid and another gasket-
type channel. The gross power of the turbine was determined to 
be 20.49 kW. The evaporating capacity was calculated as 1,020 
kW, and the cycle efficiency was determined to be about 2.00%. 
 
INTRODUCTION 
The potential capacity of ocean thermal energy conversion 
is known to be 1.1 trillion kilowatts, which is 100 times the total 
energy demand of the entire world in 2000(1). Ideal locations 
for large-scale commercial OTEC (ocean thermal energy 
conversion) plants are oceans around the equator and in 
subtropical regions within latitudes 20° north and south, where 
the ocean temperature difference produces high energy 
densities. If the application of various unused energy sources 
(such as solar, geothermal, wastewater thermal, and ocean 
thermal energies) in higher-latitude regions is diversified, it 
would be possible to commercialization them to meet small and 
medium power demands. Ocean thermal energy conversion is a 
new energy technology that is regarded as sustainable and less 
variable. However, its commercialization requires phased 
demonstrations and reduction of the power generation cost 
through business strategies. Countries such as the U.S. and 
Japan have thus promoted various developments and studies on 
the technology, and its feasibility has been addressed in 
analytical works on the required initial investment and the 
power generation cost(2, 3). 
In Europe, France and the Netherlands are working on 
OTEC development for its commercialization. A French 
company, DCNS, has been conducting experiments on 15kW 
pilot plant in Martinique, and has a plan to construct 10MW 
OTEC plant by 2016(4). 
Saga University in Japan keeps studying OTEC 
experiments for ammonia and mixed working fluid, such as 
ammonia and water to avoid conventional working fluid, R22, 
which has been known for its bad effect on environment. They 
are actively participating in 50kW OTEC pilot plant research in 
Kumejima(5,6). 
There are diverse researches on OTEC component 
technology in Korea. Seoul National University of Science & 
Technology designed a turbine for 20kW CC-OTEC and 
analyzed its performance(7). Pukyong National University is 
researching for basic study for OTEC cycle performance and 
efficiency improvement. In addition, Pukyong National 
University has completed performance characteristics of OTEC 
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cycles according to different working fluids when critical cycles 
applied(8). 
The temperature of the surface of the East Sea in South 
Korea varies between 10°C and 26°C depending on the season, 
and the temperature of the deep seawater below 200 m is below 
2°C throughout the year. The temperature difference between 
the two layers of ocean water is approximately 8°C–24°C. The 
ocean thermal energy reserves are estimated to be between 
1.5×1,011 and 3.5×1,011 GWh/year per 1°×1° longitude (4). 
However, considering that the temperature difference narrows 
to 8°C–12°C in winter, it is necessary to integrate other unused 
energies such as solar energy, geothermal energy, energy 
contained in hot water discharged from power plants, and waste 
heat discharged from factories. 
After its initiation of basic studies on OTEC in 2010, the 
KRISO (Korea Research Institute of Ships & Ocean 
Engineering) completed a demonstrative experiment on a mini 
100 W OTEC pilot plant in 2011(9). The institute has also 
sought methods for improving the competitiveness of the plant 
through performance enhancement and reduction of the power 
generation cost. Targeting a 50-MW-class OTEC plant that can 
be installed and operated in an ocean around the equator, the 
institute is presently investigating the OTEC power generation 
cycle using a new working fluid and has used its interim 
findings to prepare basic designs for a suitable turbine and heat 
exchanger. 
Based on these basic designs, an R32-OTEC was fabricated 
for power generation based on the principle of ocean 
temperature difference. The direction for further research and 
development was established by comparing the results of 
numerical analysis with those of basic experiments. 
 
DESIGN OF THE R32-OTEC 
GENERATION CYCLE AND WORKING FLUID 
EES (Energy Equation Solve) was used to design the R32-
OTEC. Fig.1 shows the design of the heat cycle of the R32-
OTEC. Ocean surface water (26°C and 86.68 kg/s) was used as 
the heat source of the evaporator, and deep ocean water (5°C 
and 43.88 kg/s) was used as the heat sink of the condenser. R32 
was used as the working fluid, and the design flow rate was 
about 3.70 kg/s. The turbine inlet and outlet pressures were 
1,515 and 1,203 kPa, respectively. The turbine efficiency was 
determined to be 80%. The evaporator and condenser capacities 
were 1,088 and 1,065 kW, respectively. The total design output 
of the turbine was 20 kW. 
Fig.2 shows the 3D working drawing used for the 
fabrication, based on the basic design of the R32-OTEC plant. 
Each major constituent apparatus was as shown in the figure. 
The figure shows the condenser and the evaporator, which are 
the heat exchangers. The other part shows the turbine generator 
and the working fluid circulation pump. A vapor-liquid 
separator and liquid receiver were installed as auxiliary 
apparatuses. The total size of the system was about 2,300 × 
4,500 × 2,370 mm.  
 
TURBINE GENERATOR 
The turbine generator, which is the major apparatus of the 
R32-OTEC, was a radial inflow type, which was chosen after a 
3D analysis of its design shape, as shown in Fig.3. The gross 
power output from the turbine generator was estimated to be 
20kW for a turbine rotational speed of 15,000 rpm. 
 
HEAT EXCHANGER 
A semi-welded plate-type heat exchanger was employed, 
which combines the advantages of a gasket heat exchanger 
(capacity change and easy maintenance) with that of a welded 
heat exchanger (low risk of leakage). In the plate arrangement 
of the semi-welded-type heat exchanger, all the channels on the 
working fluid side were welded, and the channels on the ocean 
water side were sealed using gaskets. The selected material of 




Figure 1. Design of the heat cycle of the R32-OTEC. 
 
 
Figure 2. 3D working drawing for the fabrication. 
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Figure 3. Fabricated turbine generator. 
 
FABRICATION OF THE R32-OTEC PILOT PLANT 
The R32-OTEC pilot plant was installed at the OWPRC 
(Ocean Water Plant Research Center) in Goseong-gun, Korea. 
Two pipelines were used to intake about 2,000 m3/day of deep 
ocean water at the research center. As shown in Fig.4, the R32-
OTEC pilot plant was installed in a container to facilitate 
portable experimentation, exhibition, and future public 
relations. The plant was installed in the test room (right 
container) and the monitoring and processing systems were set 
up in the DAS room (left container). Fig.5 shows the R32-
OTEC system in the test room. 
 
 
Figure 4. R32-OTEC pilot plant. 
 
PERFORMANCE TEST OF THE R32-OTEC PILOT 
PLANT 
Because the surface water near the OWPRC, where the 
R32-OTEC plant was installed, has a temperature of 12°C in 
November, it was insufficient for use as the heat source of the 
OTEC pilot plant. Thus, the trial was conducted by raising its 
temperature to 26.14°C using other heat sources such as solar 
energy, wind energy, and a wood-chip boiler. The surface 
temperature of Korean waters is below 19°C except in summer. 
Hence, tests on a method for securing heat sources to enable 
four-season operation are in progress. The results of the 
experiments performed on the R32-OTEC pilot plant are 
summarized in Table 1. The circulation rate of the R32 working 
fluid was 3.49 kg/s during normal operation of the system. The 
feeding of the surface ocean water used as heat source was 82 
kg/s on the evaporator side, and the inlet and outlet 
temperatures were 26.14°C and 23.1°C, respectively. The 
feeding of the deep ocean water used as heat sink was 43 kg/s 
on the condenser side, and the inlet and outlet temperatures 
were 3°C and 9.1°C, respectively. During normal operation of 
the system, the gross power output of the turbine generator was 
20.49 kW. Based on the determined evaporation capacity of 
1,020 kW, the cycle efficiency was calculated to be about 2% 
during the performance test. Working fluid pump power of the 
R32-OTEC plant is 3.08kW, which is 15.4% of gross power. 
Seawater pump power of surface seawater and deep seawater is 
7.5kW and 4.32kW respectively, and evaporator pressure drop 
is 50kPa and condenser pressure drop is 69kPa. Net-power that 
combines powers of working fluid and seawater pumps is 
5.1kW, which is 25.5% of gross power. If pressure drop 
decreases to 30kPa with better heat exchanger technology, 
pump power would decrease to 5.67kW and 2.83kW 
respectively. This causes net-power increase to 8.42kW, 42% of 
gross power. For offshore plant, the net-power is expected to 
increase even more. This data represents the average values for 
about 30 minutes of normal operation.  
 
 
Figure 5. OTEC system in the test room. 
 
Table 1. Results of the 20-kW OTEC experiment 
Parameter Value 
Warm ocean water inlet temperature (℃) 26.14 
Cold ocean water inlet temperature (℃) 3 
Warm ocean water mass flow rate (kg/s) 82 
Cold ocean water mass flow rate (kg/s) 43 
Working fluid mass flow rate (kg/s) 3.49 
Total gross power (kW) 20.49 
Cycle efficiency (%) 2.00 
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CONCLUSION 
Toward commercialization of OTEC power plants of 
capacities in excess of 40 MW, a 20-kW OTEC pilot plant was 
designed, fabricated, and experimented with at the OWPRC at 
KRISO. The closed cycle of the OTEC system was designed to 
use R32 as its refrigerant, surface ocean water at 26°C or 
combined renewable energy as its heat source, and deep ocean 
water at 5°C as its heat sink. A semi-welded-type heat 
exchanger was adopted as the evaporator and condenser, and a 
radial-inflow-type turbine and a generator were used to generate 
gross power of 20 kW. From the performance test, the gross 
output power of the R32-OTEC pilot plant was determined to 
be 20.49 kW, and the cycle efficiency during normal operation 
was estimated to be about 2%.  
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